Matrix-Element

/ Calculate a given process (e.g. gluino pair) N\
- Determine the production mechanism
\f Easy
P <‘l. enough
- Evaluate the matrix-element <|:- Hard
IM|? =Need Feynman Rules!
: Very
« Phase-Space Integration Hard
1 :
o= — / |M|2d<I)('n,) (in general)
\_ 25

MadGraph GPU development 22 June 2020 — O. Mattelaer
https://indico.cern.ch/event/932057/contributions/3917111
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MC generators: simplified
computational anatom

Pseudo-random numbers

Uniform distribution in [0,1]
One event i: vector 7 (dimension d)
Draw d X N,,4; numbers r (N,, 4, Weighted events)

Y

Phase space integration optimization

Phase space sampling

For each event i, map 7; to physical phase space ¥; = H (%)
The resulting X; are distributed according to a known p.d.f. g(¥)

Compute wy, gy
Optimize phase space sampling H(7) :
minimize variance of I,
OR maximize unweighting efficiency

A 4

Matrix element calculation

For each event i, compute the differential cross-section f (;)
Compute also g (¥;) and weight w;=f (¥;)/g(%X;)

/\

Average of weights I = %Z w;

— Output: I (estimator of [ x dx)

Monte Carlo integration Monte Carlo unweighting

For each event i, draw r; in [0,1]
Accept if ; < w;/Wpqx, F€ject otherwise

— Output: N, unweighted events

HSF Generator meeting 9 July 2020 - A. Valassi
https://indico.cern.ch/event/936481/contributions/3934875

C{ng UCLouvain Team Madgraph
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v
Parton showers (PS)

v
Hadronisation and decay
v
Particle-level filtering

A

Detector simulation
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Data-parallel paradigms
(GPUs and vectorization)

Pseudo-random numbers

Uniform distribution in [0,1]

Generators should lend themselves One event i: vector 7, (dimension d)
naturally to data-parallel paradigms? Draw d x Ny,g; numbers r (N,,q, weighted events)
- SPMD: Single Program Multiple ||||||||

Data (GPU accelerators)
- SIMD: Single Instruction Multiple
Data (CPU vectorization: AVX.. ) For each event i, map 7; to physical phase space ¥; = H (%)
. . . The resulting X; are distributed according to a known p.d.f. g(¥)
- The computationally intensive
part, the matrix element f(X;), is
the same function for all events i Matrix element* calculation

(in a given category of events) For each event i, compute the differential cross-section f(¥;)
Compute also g(X;) and weight w;=f (¥;)/g(X;)

Phase space sampling

- Unlike detector simulation
(frequent if/then branches: on
GPUs, branch divergence)

-

Monte Carlo integration Monte Carlo unweighting

For each event i, draw r; in [0,1]

. 1
Average of weights I = =Y w; . . .
g g N L Wi Accept if ; < w;/Wpqx, Feject otherwise

— Output: I (estimator of [ x dx) — Output: Ny, unweighted events

*Note for software engineers: these calculations do involve some
linear algebra, but “matrix element” does not refer to that! Here we
compute one “matrix element” in the S-matrix (scattering matrix)
for the transition from the initial state to the final state
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HOW MUCH CPU IS USED FOR THE MATRIX ELEMENT CALCULATION?

Reset Search

Flame Graph

| [ L] 0000
0o n | [ | | I 0 RN A | (I RN
I mi O L iy - e RN N W ey L o wuiw
I mi - (D SRR matrx 2 matee) maty |f0mats meec UL
0 C0 Tl | S0 ismatrixi_ smatrix2_ smat. sma..| (sm. ~  [d. [ A
| Il“ll . W hdsigr (dsig2_dsig3_ dsi. |§ dsi. | [@sigids. e
U0 AN - | .. |@Sigpfeel T dsig_ -IIIIIII I|||I| e e

‘sample_fu.. 7 NERRERENE 10 I=

||
| I-..ldslgproc_ 1l I [ GWLLIT| dsig_
[il0Tds.. G0 | dsig.  (CSIGPGCENNNT. 00 IEmEe

sample_ful_
| maclevent
Matched: 77.9%

» E.g. real world CMS example:pp—>1+1-jjjj/h @0 :
MATRIX ELEMENT CALCULATION

» Madgraph/MadEvent (Fortran), 105 events

11 JUNE 2020, IT-SC GROUP MEETING, SR

CERN IT-SC group meeting 11 June 2020 - S. Roiser
https://indico.cern.ch/event/921329/contributions/3881034
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ONE PROFILING EXAMPLE WITH NSIGHT SYSTEM

» CPU(18)

~ Threads (7)

< toermaeos - I LU

¥

» Copy par:f\/ eters to the kernel

» lterate 10 times through the kernel passing inputs, receiving outputs

ONE PROFILING EXAMPLE WITH NSIGHT SYSTEM — BETTER

T0n e =
» U (16)
b 0zs 04s ass ass ) 128 148 168 Tos x -
» cPU (16)
-] e
o ! [56 =
]
3

e Y 15624] checkexe -

] 156211 INS] +
- | [10683] check.exe.

S runtime libraries, ~ ¥/ [5626] checkexe

- V] [10684] check.exe  OS runtime lbraries

» lterate 10 times through the kernel passing inputs, receiving outputs

11 JUNE 2020, IT-SC GROUP MEETING, SR 17
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events / second

CpU versicn 297311.8838
numevents 6201458
GPU Total Time in Wavefunctions
apu blocksigrid 1 2 4 :] 16 32 B4 128 256 —= threads / block
1 1.85E+02 1.01E+02 4.96E+01 2.48E+01 1.20E+01 B.11EHD 5.06E+00 2 88E+00 2.0TE+0D
2 1.01E+02 4.91E+01 25TE+01 1.31E+1 7.23E+00 5.00E+00 2.04E+00 1.85E+00 1.54E+00
4 5.06E+01 248E+01 1.30E+01 T.42E+00 5.00E+00 3.07EHD 1.82E+00 1.4ZE+00 1.22E+00
] 246E+01 1.Z0E+01 T.1E+DD 5.10E+00 3.07E+DD 1.84EHI0 14ZE+00 1.14E+00 1.03E+00
168 1.30E+01 B.82E+00 S.0BE+00 2.BBE+00 1.84E+00 142EH0 115E+00 1.00E+0O 244801
az T.00E+00 5.00E+I0 JO4E+DO 1.84E+00 141E+00 1.1BEHID 1.00E+00 B27E-01 9.14E-01
64 5.07TE+00 2.84E+HI0 1.83E+00 1.42E+00 1.18E+00 1T.01EHD 9.34E-01 9.03E-01 B.02E-01
128 3.03E+00 1.84E+00 142E+00 1.16E+00 1.01E+00 9.36E-01 8.91E-01 7.88E-01 4 T1E-01
256 1.84E+00 1.42E+00 1.16E+00 1.01E+00 0.39E-01 9.01E-01 T.91E-01 4.60E-01 2.85E-01
51z 1.42E+00 1.17E+00 1.01E+00 8.31E-01 8.91E-01 7.88E-01 4.63E-01 2.82E-01 1.96E-01
1024 1.32E+00 1.08E+00 0.78E-01 8.14E-01 8.04E-01 4.B4E-01 2.90E-01 2.02E-01 141E-01
2048 1.21E+00 1.03E+00 B.53E-01 81TE-01 4 B4E-01 28TE-01 2.03E-01 1.38E-01 1.108-01
‘GPU Events/second
gpu 1 2 4 & 16 3z a4 128 256
1 3.Z3E+04 B.22E+H04 1.2TE+0S 2 55E+05 4.B2E+05 T.75EHI5 1.24E+06 2 18E+06 JAEHDE
2 B.21E+04 1.ZBE+05 2A5E+05 4 B1E+0E B.70E+05 1.24EH08 2 14E+06 AHEHDE 4 10E+DE
4 1.24E+05 2. 58E+HIS 4. 83E+05 8.48E+05 1.24E+06 2.05EH0B 3.34E+06 4 42E+HDB 5ATEHDGE
] 286E+05 4 BEE+DS B.B5E+05 1.23E+08 2.05E+06 3A41EHE 4 A2EHIB 5.51E+06 B.ODE+DE
18 4 BIEHDS 9.00E+H05 1.24E+06 2.18E+06 341E+0B 4 45EH06 5.45E+06 B.28E+06 B.ETE+DE
3z 8.00E+05 1.24E+06 20TE+06 3.42E+08 4 4TE+00 5.45E+08 G.28E+00 8.79E+08 0.80E+06
64 1.24E+08 214E+0G TAIE+0E 4.42E+06 541E+08 6.25E+08 B.TIEHDG 8.97E+08 T.A5E+0E
128 2.0TE+0E 342E+0G 442E+06 5.41E+08 6.25E+008 6.72E+08 7.06E+06 T.88E+0E 1.34E+07
256 J42E+0E 4 42E+HDE SME+DE B.25E+06 6.70E+08 6.08E+H0B 7 85E+06 1.3TEHDT 2A3EHOT
512 4 &2E+H0E 5.40E+IE B.22E+06 B.76E+06 7.0BE+DB T.A9EHIE 1.3BE+07 2 Z3E+0T J.20EHOT
1024 4. TBE+HDE 5.81E+HIG BA3IE+0E B.8BE+06 7.B3E+0B 1.3BEHT 2ATEHIT A1EHDT 4 45E+OT
2048 5. 19E+06 B.0BE+HIE G.E0E+DE T.T0E+06 1.38E+07 219EHT 310E+DT 4 BEE+0T 5.T1EHOT
Factor GPUICPU
gpu 1 2 4 1 1a 32 a4 128 256
1 011 0.21 0.4% 0.86 162 261 4.18 7.34 10.24
2 021 043 0.82 1.62 293 4.18 719 1148 13.78
4 04z 0.88 1.82 285 4.18 6.8 11.24 14.88 17.38
] 0.86 1.63 208 4.15 690 11.48 14.87 18.53 2047
18 1.682 3.08 416 732 1148 14.95 18.33 2113 2243
az aonz 416 5.06 11.52 1503 18.32 211 2284 23.16
64 417 718 11.54 14.88 18.18 21.02 22 .85 2344 26.39
128 6.08 11.51 14.87 12.20 21.03 22.61 23.74 26.52 44.91
256 11.51 14.88 18.19 21.03 2254 22.48 26.75 48.00 7179
512 1485 18.15 2052 2273 2375 2687 45.75 7514 107.78
1024 16.07 18.53 21.83 2315 2633 4563 T2.05 104 57 160013
2048 1746 2047 2219 25.80 45,61 TEE1 104,23 153.38 181.98
mare (258 thread 4086 8182
total time 9.8BE-02 1.07E-01

events [ sec B.30E+T 5.80E+07 JUly 2020 - S. Roiser
factor gaulcpy Hz0z 1o https://docs.google.com/spreadsheets/d/1L7saADFM7Atx8hqgjd-NV-IT490LVZ-13bA9VMZBHvbk/
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